The freshwater amphipods of the genus Niphargus Schiödte, 1849 are widespread in subterranean waters of the western Palearctic. The eastern half of the genus range has been incompletely studied despite the presence of karstic areas and large aquifers. In this paper, we describe a new species from Hamedan Province in Iran and name it as N. hakani sp. n. This species hypothesis is based on the analysis of morphological characters and 28S ribosomal DNA sequences. The taxonomic status of the new species within the genus is discussed in comparison to the known Iranian species. Results revealed that this species is phylogenetically close to N. khwarizmi and is morphologically similar to N. borisi.
Introduction
The members of genus Niphargus Schiödte, 1849 are widespread in subterranean freshwaters of West Palearctic (Meleg et al. 2013) . Most of the species of this genus occur in subterranean waters and constitute an important part of biodiversity in this environment (Fišer 2012) . Few studies of this genus in the Middle East indicate that about 24 species live in this area, representing only a small fraction of over 350 known species.
Iran presents the eastern-most boundary of the Niphargus range. The first species is record of N. valachicus Dobreanu & Manolache, 1933 in Iran, a widely distributed species (Karaman 1998) . According to previous studies, 10 species have been found in the northern and western parts of Iran. Species inventory includes N. valachicus, N. khayyami Hekmatara et al., 2013 , N. khwarizmi Hekmatara et al., 2013 , N. alisadri Esmaeili-Rineh & Sari, 2013 , N. daniali Esmaeili-Rineh & Sari, 2013 , N. bisitunicus Esmaeili-Rineh et al., 2015 , N. borisi Esmaeili-Rineh et al., 2015 , N. darvishi EsmaeiliRineh et al., 2015 , N. sharifii Esmaeili-Rineh et al., 2015 , and N. kermanshahi EsmaeiliRineh et al., 2016 . In this paper, we describe a new species from karstic spring in north of Hamedan Province.
Materials and methods

Morphologic and morphometric studies
The specimens were collected using a small hand net in Kheder-Goli Spring in Hakan Village close to Razan City (see Figure 1) . Details of individual landmarks were measured according to Fišer et al. (2009) and then mounted on slides in a Euparal medium. Digital photos were taken with an Olympus LABOMED iVu 7000 camera fitted on an LABOMED Lx500 stereomicroscope. Measurements and counts were made using the computer program ProgRes CapturePro 2.7. The specimens used for the present study are deposited in the Zoological Collection of Razi University (ZCRU).
Molecular and phylogenetic analyses
Genomic DNA was isolated from a part of animal using the Tissue Kits (GenNetBio™), according to the manufacturer's instructions (Seoul, South Korea). Amplification and sequencing of the 28S ribosomal DNA (rDNA) fragment were performed using the forward primer from Verovnik et al. (2005) and the reverse primer from Zakšek et al. (2007) .
PCR amplifications were done in 25μl volumes, containing, 2.5 μl of 10× PCR buffer (100 mM Tris-HCl (pH 8.8), (500 mM KCl), 0.2 μl of each primer (10 μM), 0.5 μl of dNTP (10 mM), 0.75 μl MgCl 2 (50 mM), 50-100 ng of genomic DNA template, and 1 unit of Taq DNA polymerase. Cycling parameters were as follows: initial denaturation of 94°C for 7 min, 35 subsequent cycles of 94°C for 45 s, 55°C for 30 s and 72°C for 1 min, and a final extension of 72°C for 7 min. Sequencing reactions were done in Macrogen Korea Laboratories.
In order to figure out the phylogenetic position of the new discovered species, we analyzed the acquired sequences (GenBank accession numbers are KY629001 and KY629002) within the data set of Esmaeili-Rineh et al. (2015a) and Esmaeili-Rineh et al. (2016) . Three species including Synurella ambulans (F. Müller, 1846), Obesogam- marus crassus (Sars G.O., 1894) , and Gammarus fossarum Koch, 1836, were used as outgroup (KF719240, KF719242 and KF71924). All the sequences were edited and aligned using ClustalW (Thompson et al. 1994) , as implemented in the Bioedit program sequence alignment editor (Hall 1999 ) using the default settings.
Phylogenetic reconstruction was performed using the Bayesian inferences in MR-BAYES, version 3.1.2 Ronquist 2001, Ronquist and Huelsenbeck 2003) . The Bayesian inferences analysis used the TVM+G model of nucleotide substitution. Estimates for the model parameters included estimated base frequencies A = 0.1949; C = 0.2733; G = 0.2807; T = 0.2511 and gamma distribution shape parameter (α = 0.3650) that was selected as the most appropriate substitution model using the Akaike information criteria (-lnL = 8493.8093; AIC = 17215.6186) implemented in jModelTest, version 0.1.1 (Posada 2008) .
To assess interspecific divergence between the Iranian species of Niphargus, we calculated the genetic distances corrected with Kimura two-parameter (K2P) model (Kimura 1980) as implemented in MEGA ver. 5 (Tamura et al. 2011) .
Bayesian Inference was performed with two simultaneous runs and four search chains within each run (three heated chains and one cold chain) for 10,000,000 generations, sampling trees every 1000 generations. The first 2500 sampled trees were discarded as burn-in, and subsequent tree likelihoods were checked for convergence in Tracer 1.5.0 (Rambaut and Drummond 2009) . A consensus tree with posterior probabilities was generated and visualized using the FigTree v1.4.0 software. Data on analyzed species are available in the Electronic Supplement of Esmaeili-Rineh et al. (2015a) . Diagnosis. At the base of uropod I observed only one robust seta. The palpus of maxilla I is slightly longer than outer lobe. Urosomites I-III bear two, five and two robust setae on dorso-lateral margin. Epimeral plates distinctly pointed and have three and four robust setae in ventral margin of plates II-III. The propodi of gnathopods I-II are trapezoid. Dactylus of gnathopod I dose not reach to posterior margin of propodus. Third article of mandibular palp bears a single group of two A-setae.
Results
Systematics
Description of holotype. Total length of specimen 9 mm. Body strong and stout. Head length 11% of body length ( Figure 2 ). Antennae I (Figure 2A ) 0.6 of body length. Peduncular articles 1-3 progressively shorter; peduncular articles 2: 3 (ratio 1 : 0.75); main flagellum with 19 articles (most of which with short setae); accessory flagellum biarticulated and reaching 1/3 of article 4 of main flagellum, both articles with two simple setae, respectively ( Figure 2A ). Length ratio antenna I : II as 1 : 0.46. Peduncular article 4 slightly as long as article 5, each with seven groups of simple setae; flagellum with five articles. Length of flagellum: length of peduncle article 4 + 5 as 0.57 : 1( Figure 2B ). Labium ( Figure 3D ) with inner lobes and setae on the tip of lobes. Inner plate of maxilla I with two long simple setae; outer plate with seven bi-, pluri or without lateral projections; palp biarticulated, slightly longer than outer lobe, with three long distal simple setae ( Figure 2D -E). Both plates of maxilla II with numerous distal simple setae ( Figure 3E ).
Incisor in left mandible with five teeth, lacinia mobilis with four teeth; seven setae with lateral projections between lacinia and triturative molar ( Figure 2F ). Incisor in right mandible with four teeth, lacinia mobilis pluritooth; five setae with lateral projections between lacinia and triturative molar ( Figure 2G ). Mandibular palp articles in ratio 1 : 2 : 3 as 1 : 2.46 : 2.76. The proximal article has no setae, the second article with six setae along inner margin and the third article with one group of two A-setae, two groups of B-setae, no C-setae, 15 D-setae and four E-setae ( Figure 2H ).
Maxilliped with short inner plate on which are four distal robust setae intermixed with five distal simple setae; outer plate exceeding half of the posterior margin of palp article 2, with 11 robust setae along inner margin and three simple setae distally. Palp article 3 of maxilliped with one proximal, inner and outer group of long simple setae at outer margin; terminal article of palp with one simple seta at outer margin, nail shorter than pedestal ( Figure 3C ).
Coxa of gnathopod I shorter than gnathopod II. Coxa I rectangular, longer than broad, ventral to anterior margin with four and three simple setae, respectively. Basis with setae on anterior and posterior margins; ischium and merus with posterior group of setae. Carpus with one group of three setae anterodistally, a bulge with long simple setae; carpus 0.42 of basis length and 0.79 of propodus length. Propodus slightly longer than broad; anterior margin with seven setae in two groups in addition to anterodistal group of six simple setae. Palm slightly convex, with one strong long palmar robust seta, one short supporting robust seta on inner surface and two robust setae with lateral projections on outer surface; two simple setae under supporting robust seta in palmar corner. Dactylus not reaching posterior margin of propodus, outer and inner margins with a row of three and five simple setae, respectively; nail short, 0.23 of total dactylus length ( Figure 3A) .
Coxa of gnathopod II slightly rounded, with six setae along antero-ventro-posterior margins. Basis with setae in groups and single setae along anterior and posterior margins; posterior margins of ischium and merus with one posterior group of setae each. Carpus 0.43 of basis length and 0.67 propodus length. Carpus with one group of four setae anterodistally. Propodus in gnathopod II larger than gnathopod I, trapezoid shape and broader than long; anterior margin with seven setae in one group in addition to anterodistal group of six simple setae. Palm nearly convex, with one strong palmar robust seta, one supporting robust seta without lateral projections on inner surface, and one robust seta with lateral projections on outer surface; two setae under supporting robust setae in palmar corner. Dactylus reaching posterior margin of propodus, outer and inner margins of dactylus with three and four simple setae, respectively. Nail length 0.25 of total dactylus length ( Figure 3B ). Coxa III rectangular, length to width ratio as 1.29 : 1; antero-ventral margin with five simple setae. Coxa IV rectangular, length to width ratio as 1 : 1.04, antero-ventral margin with seven simple setae, posterior concavity shallow and approximately 0.1 of coxa width (Figure 4A-B) . Coxa V with anterior lobe, with five and three simple setae on anterior and posterior lobe, respectively. Coxa VI with anterior lobe, with one simple seta on posterior lobe. Coxa VII with one simple seta ( Figure 4C-E) .
Pereopod III : IV lengths ratio as 1 : 1.35 ( Figure 4A-B) . Dactylus IV short, length of dactylus 0.40 of propodus, nail shorter than pedestal ( Figure 4B ). Pereopods V: VI: VII length ratios as 1 : 1.35 : 1.30, respectively. Pereopod VII 0.63 of body length. Pereopod bases V-VI each with seven simple setae along posterior margin and six and seven groups of robust setae along anterior margins, respectively. Pereopod basis VII with 10 simple setae and six groups of robust setae along posterior and anterior margins, respectively ( Figure 4C -E). Postero-ventral lobe of ischium in pereopods V-VII developed. Ischium, merus and carpus in pereopods V-VII with several groups of robust and simple setae along anterior and posterior margins; propodus of pereopod VII longer than these in V-VI, dactyli of pereopods V-VII with one robust and one short simple seta at the base of nail on inner margin, nail length of pereopod VII 0.29 of total dactylus length ( Figure 4C-E) .
Epimeral plates I-III ( Figure 5G ) with angular postero-ventral corner, anterior and ventral margins convex; postero-ventral corners of plates I-III with one robust seta each, and with two, three and two simple setae posteriorly, respectively. Epimeral plates II-III with three and four robust setae along of ventral margins, respectively. Peduncle of pleopod I with one simple seta and two-hooked retinacles at distal part of inner margin ( Figure 5A) ; peduncle of pleopods II-III with two-hooked retinacles at distal part of inner margin; rami of pleopods I-III each with seven to 10 articles ( Figure 5A-C) .
Pereonites I-VI without setae. Pereonite VII with two simple setae. Pleonites I-III each with one long simple seta along dorsal surface. Urosomites I-III with two, five and two robust setae laterally, respectively.
Peduncle of uropod I with six and three large robust setae along dorsolateral and dorsomedial margins, respectively. Rami of uropod I with equal length (ratio 1 : 1); inner ramus with three groups of robust setae laterally and five robust setae distally; outer ramus with three groups of six robust setae laterally and five robust setae distally ( Figure  5D ). Outer ramus in uropod II longer than inner, both rami with lateral and distal long robust setae ( Figure 5E ). Uropod III long, almost 0.45 of body length. Peduncle of uropod III with five robust setae, Outer ramus biarticulated, distal : proximal article as 1 : 1.92. The proximal article of outer ramus bearing five groups of robust setae along inner and outer margins ( Figure 5F ); distal article with simple setae laterally and seven simple setae distally. Inner ramus short, with one robust and one simple distal seta. Telson two times as long as broad, lobes slightly narrowing; each lobe with three robust setae distally, with one long robust and one plumose seta marginally ( Figure 5H) . Etymology. The name "hakani" refers to Hakan village where specimens were found.
Phylogenetic position of N. hakani sp. n. species. This species is nested within the main Iranian clade and apparently shares the nearest common ancestor with . khwarizmi, N. khayyami, N. kermanshahi and N. bisitunicus (Figure 6 , please note weak node support). Among these, this species is genetically the most similar to N. khwarizmi (1.93% K2P divergence in the studied 28 rDNA gene fragment) and the most divergent species from N. bisitunicus, (2.20% K2P divergence). A., apical; GNI-II., gnathopods I-II; L., lateral; R. S., robust seta; S. S., simple seta.
N
Discussion
Niphargus hakani sp. n. is a member of the main Iranian clade (Esmaeili-Rineh et al. 2015a ) and shares common ancestry with N. khwarizmi, N. khayyami, N. kermanshahi and N. bisitunicus. The closest relative seems to be N. khwarizmi. Although N. hakani sp. n. shares relative length of palpus of maxilla I, shape of propodus of gnathopods and ratio of second to first article of outer ramus of uropod III. However, this species differs from N. khwarizmi in the fewer lateral robust setae in telson, ratio of inner to outer ramus of uropod I and ornamentation of lateral projection of robust setae in outer plate of maxilla I (Hekmatara et al. 2013) . A shortened list of diagnostic traits for the Iranian species is presented in Table 1 . Niphargus khayyami differs from N. hakani by ratio of distal to proximal article of outer ramus of uropod III, number of apical robust setae on telson and multidenticulated robust setae on the outer plate of maxilla I. An important diagnostic traits of N. hakani sp. n. is the presence of robust setae on urosomite III. This character was observed in N. borisi and N. alisadri from Iran and some species from Europe including N. croaticus Sket, 1958 , N. trullipes (Jurinac, 1887 , and N. hercegovinensis S. Karaman, 1950 (Karaman 1984 . Niphargus borisi resembles N. hakani sp. n. also in shape of postero-ventral angle of epimeral plates; but differs from herein described species in higher number of robust setae at the base of uropod I, the shape of propodus of gnathopods and in the elevated number of supporting robust setae in palmar corner of gnathopod I (Esmaeili-Rineh et al. 2015b) . Niphargus alisadri, the second species sharing spiny urosomite III with N. hakani sp. n. differs from this species in ratio of distal to proximal article of outer ramus in uropod III, the increased number of lateral robust setae in telson and the ratio of palpus to outer plate length in maxilla I (Esmaeili-Rineh and Sari 2013).
Conclusion
We described new taxon of Iranian Niphargus. Iranian niphargid fauna now counts 11 species, all but N. valachicus being endemic to Iran. We expect that further explorations will unveil additional new species from rich biodiversity in this area.
